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Co-Production of Brine?

From 2000-2011, newly completed wells in OK’s Miss averaged:
7.4 bbl of H,0 per 1 bbl of oil
9.8 bbl of H,0 per 1 bbl oil equivalent gas
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Murray, K.E., 2013, State-Scale Perspective on Water
Use and Production Associated with Oil and Gas
10000 | Operations, Oklahoma, U.S.: Environmental Science
& Technology, v. 47, no. 9, p. 4918-4925.




Examining Water Use, Production and UIC Injection

2013, vol. 47, no. 9, p. 4918-492
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State-Scale Perspective on Water Use and Production Associated
with Oil and Gas Operations, Oklahoma, U.S.

Kyle E. Murray®

Oklahoma Geological Survey, The University of Oklahoma, 100 East Boyd Street Morman, Oklahoma 73019-0628, United States Supportlng Informatlon’ C
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Seismicity Potentially Induced by Fluid Injection
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Potentially induced earthquakes in Oklahoma, USA: Links between
wastewater injection and the 2011 M 5.7 earthquake sequence
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Papers on the Topic

AAPG Extended Abstract for 2014 Annual Convention & Exhibition, Houston, TX
Abstract #

L;$40901 Fubsurface Fluid Injection in Oil and Gas Reservoirs and

astewater Disposal Zones of the Midcontinent
Kyle E. Murray , Austin A. Holland; Oklahoma Geological Survey, The University of Oklahoma

ABSTRACT

Resource Management M é‘ )

By Kyle E. Murray, Oklahoma Geological Survay | kyle. muray@covu.edu; Austin A. Holland, Oklghoma
Geological Survey | austin. holland @ov.edy

Inventory of Class II Underground Injection
Control Volumes in the Midcontinent

Murray, K.E., and Holland, A.A., 2014, Inventory of Class Il
Underground Injection Control Volumes in the Midcontinent: Shale
Shaker, v. 65, no. 2, p. 98-106.

and To Be Continued...



EOR Injection (EORI) Volume (bbl/mon) per Well
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SWD Volume (bbl/mon) in 2011
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Which zones are used for EORI and SWD injection?

UIC Fluid Injection Volume [MMbbl )
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Non-Osage Saltwater Disposal (SWD) Volumes in 2012
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Depths of SWD versus Depths of Earthquakes

MNum of OK Earthquakes, 1/1/2010 - 3/14/2014
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SWD into Arbuckle Group or Basement versus Time
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Change in SWD into Arbuckle Group or Basement by County
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KS Earthquakes and UIC volumes in Harper and Sumner
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Opportunity Cost?

When a choice needs to be made between mutually exclusive
alternatives, the opportunity cost is the value of the “best
alternative” forgone.

— loss of potential gain from other alternatives when one alternative is
chosen

— opportunity cost plays a crucial part in ensuring that scarce resources
are used efficiently

Salt Recycle
Water &
Disposal Reuse




Promoting Recycle and Reuse as an Alternative to SWD

SOER
2014 Workshop Series
Produced Water:

Presented by:

Vas Y

Dhe UNIVERAITY of ORLANOMA

fl Water is one of Oklahoma's most precious
resources, and with new technology to treat and
reuse produced water, some producers are turning
what was formerly a liability into an asset.

Join Dr. Kyle Murray, from QU & the Oklahoma
Geological Survey, as he discusses the big picture
details of water use in the oilfield and Oklahoma's
produced water and associated regulatory issues.
Then leaders in the field, Baker Hughes, will
provide detailed aspects of produced water
treatment and reuse such as systems available,
considerations for implementing treatment &
reuse vs. disposal programs, some best practices
and success stories from across the region.

¥ Registration Fee: $50
9:00 a.m. - 12:00 p.m.

March 25 Ardmore
April29  Tulsa

May 27  Woodward
July 22 Oklahoma City

) Refreshments & light
=4 breakfast provided

For guestions contact Trey Lewis:

tiewis@soerok.com or 405-601-2098

Water Supply Issues
e Cyclic droughts strike state

e Aquifers are in decline due to
overuse

Regulatory and Economic Drivers

e OK current cost for commercial
SWD $0.45 - $2.10 per bbl

e AR had a moratorium on SWD
due to induced seismic risk



Produced Water Quality in OK and KS
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Concentration of Total Dissolved Solids (TDS) expected in H,0O

Produced from Oil & Gas Wells?
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Summary, Forecasting, and Desired Future Conditions

Oil Prod SW Prod | GW Prod | €W/ =, HF Inj SWD Inj EOR Inj
2012 °'5%|\‘}r|e°' Oi”‘“ 2011 2012 2012
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Seismicity
Fluid injection

> Recycle & Reuse

> Fluid extraction >
2009 2014 2019

Contact Information
Email: Kyle.Murray@ou.edu
Website: http://faculty-staff.ou.edu/M/Kyle.E.Murray-1/
Phone: (405) 325-7502
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Average Annual SWD Injection Pressure by Zone
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61.2% of wells are on a vacuum

281 with <0psi, 178 with >0psi

Murray, in preparation



Ongoing Research Objectives/Goals

Injection

]
|
|

Pressure diffusion

; Fluid flow

Pressure profile

v
Fluid-filled pore

GSA Abstracts
Carrell and Murray,

2014

Model pressure diffusion from
injection wells under various fluid
injection scenarios, geologic
conditions, and constraints

Describe 4D distribution of injected
fluids relative to faults, basement
and high water production areas




